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OPTICAL AucERcurnANcEsvsrEr/r . 

BACKGROUND or THE’IN-YV-E-NTION _ 

, .lQField of'thelnvention ‘ I 

The present invention relates to the'sensingof- de?ection of 
a rotating member. More particularly, the present invention 
‘relates to aguidance system for horizontal earth boring equip 
ment which generates-control signalsin res'ponseto undesired 
auger de?ections. Accordingly, the general objects of ‘the’ 
present invention are to providernovel and improvedrmethods 
.and apparatus of such character. - V ‘ 

2. Description of'the‘Prior Art ~ 
Utility companies have long recognized the costly labor ex 

:pense and public opposition associated with the prior art 
{method installing distribution lines in excavated trenches. 
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These problems'have, of course, been aggravated ‘when the > 
‘breaking of pavement or the interruption of railway service 
wasinvolved. The disadvantagesinherent in trenchingcan be 
signi?cantly reduced by using horizontal earth boring tools for 
installing- underground ‘pipe, cables‘,- and conduits and ‘.ac 
cordingly‘ horizontal ,augering --has in recent years vbeen 
speci?ed in many situations requiring-the placement of utility 
lines under roads and railroads. '- - 

‘Prior art horizontalaugeringequipment has; howevenwbeen 
plagued with a serious problem. Thisproblem resides‘inthe 
previously existing inability tor-monitor and exercisecontrol 
over the ‘direction of the drillstring-so .that:the drill may be 
redirected should it deviate from the correct drillingpath. ‘As 
is known, unpredictable drift in underground‘ boringv opera 
tions is caused by the ‘?exibility of the‘ boring tOOL'It'lS ex 
tremely, dif?cultrto-make ,such toolsrsti?‘ or rigidienough. to 
withstand-lateral thrust; loads, imposed on, the drill; head or: bit 
by‘ stone, other. soil discontinuities, or even by'ithe. rotational 
torque transmitted‘ to v‘thedrill string fromthe driving'ap 
paratus. ‘ ' l _ ~ . g 

In the prior art,»the ‘only directionalcontrol available has 
been theuse of pickup orpot holes located at intervals along 
the desired tunnelpathpauger drift or. de?ectionshopefully 
being detected andrthe bitbeing realigned. if necessary as it 

, passes each of the pickup holes. Many times drill string de?ec 
tion between pickup holes tooslight to‘ be visually; noticed at 

' .the pick upiholes will make it-difficultto later, insert a casing 
orcarrierpipe. ‘Also, the use ofpickup' holes is subjectto the 

‘ same public opposition,-albeit to a lesser degree, as trenching. 
. It has been recognized thatamore accuratemethod ofrun 
derground installation - of r a ‘conduit encompasses laugering 
through a casing whileisimultaneously :jacking the casing. 
However this method will also fail when the'drill ‘string »is 
de?ected since the auger willbind in the casinguSuch‘binding 
sometimes results in arloss of a section of auger aswell asloss 
of time spent in partially completing. the tunnel. I 

Recently, techniques {have been devised for exercising 
directional controls over “horizontal boring tools where the 

4 vability to redirect in.multipleidirections-is necessary. ‘An exam 
ple of such directional control apparatus is disclosed in US. 
‘Pat. application Ser. No. 742,798,,filedJuly 5,1968 by David 

‘ E. ‘Adkins and Donald‘ J. Hackman'and ‘assigned to wtheras 
'signee of the present invention. Utilization of directional con 

‘ .trol apparatus such'as that described in the aforementioned 
Adkins et al. application is, ‘of course, dependent ‘upon the 
provision of suitable guidance equipment .wherein augerpipe 
de?ection canbe sensedand properly phased control signals 
delivered to the equipment which actually causes thed‘rilling 
‘equipment to return to its proper course; ‘ ' ‘ 

SUMMARY OFTHE INVENTION 

The present invention comprises an optical auger guidance 
‘system suitable‘ for installation within an auger‘ pipe. The 
system includes a light source and light sensitive detection 
device. The detection device is mounted off-axis with respect 

I to the auger and preferablyadjacentthe auger head while the 
light source is mounted asubstantial distance‘ rearwardly of 
the auger head and on the auger‘ pipe axis. Through the use of 
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suitable optics, the light source provides a‘ substantially'circu 
lar beam of light. Due to its otf-axis'mounting, the detection 
device will rotate with the'auger and the circle transcribed 
thereby, .with the auger pipe in anunde?ectedcondition, will 
fall within the circular light beam provided by vthe light source. 
Accordingly, when the auger pipe is straight, the detection 
device‘and light beam remain concentric'as the auger rotates 
and the detection device will be continuously illuminated. 
However, should the auger pipe be bent elastically into a 
curve, as might occur when ‘the auger "head is de?ected 
laterally through contact with a rock, the detection device will 
travel outside of the light beam inan arcwhich is proportional 
to theamount ofauger pipe de?ection. ‘The “are of darkness“ 
or-period when the detection device isanot illuminated will be 
symmetricalabout the plane in which the de?ection or bend 
ing of the auger pipe occurs. Accordingly,‘ throughthe use of 
vsuitable electronics, .aydevice, such ‘as the , control apparatus 
disclosed in previously mentioned c'opending application Ser. 
'No. 742,798 ‘may beactuated during the “arc of darkness" so 
as to automatically cause corrective action which will‘result in 
the augerreturning to the desired-straight line path. 

' BRIEF DESCRIPTION'OF THE- DRAWINg 

The ‘present invention may be better understood and its nu 
merous objectsand .advantages will become apparent to those 
skilledinvthe .art'byreference to the accompanying drawing 
wherein like reference numeralsrefer to. like elements in the 
various ?gures and wherein: 
‘FIG. :1 ‘is._a.sid,e ‘elevation view, partly insection, of a 

. preferred embodiment of the present invention .withthe com 
ponents'of the invention shown in block forr'n. 
‘FIGS. 2A, and ‘ 2B>arerrespectivelyside ‘elevation ‘and . end 

view ,which schematically‘illustrate operation of the present 
invention with-theauger pipe in the unde?ectedposition. 

‘FIGS. )3A'and 3B are respectively side elevation and .end 
views which schematically‘ depictv operation of :the present . in 
vention when the augerv pipe is de?ected. 

" DESCRIPTION OF THE‘PREEERREd EMBODIMENT 

\With‘reference not to FIG. '1, the'v?rst selectionoftanex 
'tendableauger pipe is indicatedgenerally at .10. Asthe bore 
hole isxlengthened, pipe ‘10-willbe extended'by the addition-of 
sections-thereto'in the‘manner well known in theart. As-will 
:be described in detailbelow, the.control system of the present 
inventionis mounted within the augerpipe. Theauger ?ight 
112 is attachedto theexterior of pipe l0,and,_in the manner 
known in the art,extends rearwardly fromanauger head,.in 
sdicated. generally at ‘14, to the opposite .end of the auger ina 
~screwlike mannerrwith apredetermined pitch. The auger pipe 
and head assembly-will be caused to rotateas the borehole .is 
lengthened bydrive means, not ‘shown, of atype knowninthe 

‘ art. Torque may be transmitted to the ,auger,-by wayofexam 
‘ple, via a drive coupling by means of sprocket and chainrdrive. 
;In addition to rotating theauger, conventional meansareem 
ployed to urge the auger forward as it rotates. 
The auger head l4‘will serve as the housing for suitable 

means, operating under the control of the-present invention, 
for correctingundesired drift of the auger. Such correctional 
means may, for example, comprise the selective cutter system 
disclosed in aforementioned .copending application ,Ser.» No. 
742,798. ~ 

FIG. 1 shows. a slightly modified ‘ selective cutter system, 
which operates in the same manner as that disclosedin afore 
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mentioned copending application Ser. No. 742;’798. he 
selective cutter shown in FIG. 1 comprises anextentlable 
cutter blade 16 which is operated under the control ofzfluid 
applied to. opposite sides ofa piston 18 positioned rwithinyra 
cylinder 19 in auger head 14. Operating ?uid underpressureris 
supplied to and bled from the cylinder ‘19 at opposite-sides of 
the piston 18; the supply of ?uid to cylinder 19 beingcon 
trolled by the present invention inthemanner to be described 
below. The operating ?uid is delivered to and returned to.a 



3,554,301 
3 

reservoir from the forward end of the auger via conduits 20 
and 22 which are wrapped around the auger pipe as shown. 
Alternatively, the conduits 20 and 22 may be disposed with 
the auger pipe. It is, of course, necessary to provide suitable 
connectors for conduits 20 and 22 at each end of each length 
of auger pipe 10. 
The auger head 14 may also support a forwardly extending 

pilot bit, not shown, ant may have cutter teeth, not shown, in 
its front face. The pilot bit and teeth are, however, not neces 
sary in all applications. 
The control system of the present invention includes a cir 

cular light beam generator 26 which is mounted within auger 
pipe 10 a substantial distance, for example 12 feet, rearwardly 
of auger head 14. The light beam generator 26 may comprise 
an incandescent lamp and suitable optics for providing a light 
light beam which is substantially circular. Thus, for example, 
circular light beam generator 26 may comprise a model L 
214A light source available from Autotron, Inc., 3629 North 
Vermilion Street, Danville, [1]., 61832, which employs a 32 
candlepower incandescent lamp. Light emanating from this 
lamp shines through a three thirty-second inch diameter hole 
in a mask and is thereafter focused through a suitable lens so 
that, at 10 feet, the light beam is approximately 2 inches in 
diameter. 
The light from beam generator 26 will impinge upon a de 

tector unit positioned just rearwardly of auger head 14 and 
also within auger pipe 10. The detector unit comprises a 
photocell or similar light sensitive device 28 mounted on a 
radially adjustable base mechanism 30. The light sensitive ele 
ment 28 may, for example, comprise a silicon photodiode such 
as National Semiconductors, Ltd. type No. NSL-71OP. The 
light sensitive element 28 and the adjustable base 30 are 
mounted from a support bracket 32; bracket 32 being ?xed to 
a servovalve extension of auger head 14 coupled to auger pipe 
10. The light sensitive element 28 and its base 30 will, ac 
cordingly, rotate with the auger pipe. As may be seen from 
FIG. 1, base 30 is initially adjusted so as to place light sensitive 
element 28 adjacent the periphery of the circular light beam 
provided by beam generator 26. Accordingly, the light sensi 
tive element 28 will transcribe a circle as the auger rotates and 
this circle, with the auger pipe in the desired unde?ected posi 
tion, will fall within the area de?ned by the light beam from 
generator 26. This condition is shown schematically in FIGS. 
2A and 2B. 

Light sensitive element 28 will provide an electrical signal 
indicative of its instantaneous state of illumination. This elec 
trical signal will be applied as an input to an ampli?er 34. Am 
pli?er 34 will comprise a suitable solid state, direct current 
operational ampli?er which, with element 28 illuminated, will 
provide a high level output signal. Ampli?er 34 will be bistable 
in nature whereby a lack of or substantial decrease in the illu 
mination of photo sensitive element 28 will result in reversal 
of the output polarity of the signal provided by ampli?er 34. 
Power for ampli?er 34 and for biasing of light sensitive ele 
ment 28 will provided by a DC power supply 36 which, like 
ampli?er 34, is also mounted from and rotates with support 
32. Ampli?er 34, for example, may comprise a Nexus Model 
SK-6 available from Nexus Research Laboratories, Inc., 480 
Neponset Street, Canton, Mass. Ampli?er 34 acts as a switch 
to dump : 10 volts DC from power supply 36 across the coils 
of a servovalve 38. The power supply 36 may comprise a 
Nexus Model NPS-30. 
As noted above, ampli?er 34 controls servovalve 38. Valve 

38 may, for example, comprise a model No. 328020 ser 
vovalve available from Moog, Inc. of East Aurora, N.Y. Con 
duits 20 and 22 are brought into auger pipe 10, via a pair of 
hydraulic entrance penetrators which are not shown but which 
are located at opposite sides of the auger pipe, and are con 
nected to valve 38. Valve 38 is also'provided with connections 
to a pair of ?uid passages 40 and 42 drilled in auger head 14 
and communicating with opposite ends of cylinder 19. The 
position of piston 18 and thus the extension and retraction of 
cutter blade 16 will accordingly be controlled by servovalve 
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38. In the manner described in aforementioned copending ap 
plication Ser. No. 742,798, blade 16 may be rapidly extended 
and retracted as the auger rotates by means of selectively pres 
surizing the opposite sides of piston 18. 
When light sensitive element 28 is illuminated, the output of 

ampli?er 34 will be of proper polarity to cause servovalve 38 
to assume the position whereby piston 18 will be in the posi 
tion shown in FIG. 1 and cutter blade 16 retracted. However, 
if the auger pipe is bent elastically into a curve, as shown sche 
matically in FIG. 3A, element 28 will travel outside of the light 
beam in an are which has a length proportional to the amount 
of de?ection. As may be seen from FIG. 3B, the are through 
which the element 28 will not be illuminated in symmetrical 
about the plane in which the de?ection or bending of auger 
pipe 10 occurs. With the element 28 not illuminated, the out 
put of ampli?er 34 will change state, switching in the power 
source, and servovalve 38 will be operated so as to reverse the 
pressurization of cylinder 19. Accordingly, piston 18 will be 
operated to the opposite (outer) end of the cylinder and cutter 
blade 16 will be extended. Extension of cutter blade 16 will, of 
course, cause the reaming of the slide of the bore hole in such 
a manner as to permit the auger pipe to move back to the 
proper straight line path. As may be seen from FIG. 3B, the 
cutter blade 16 will be extended and retracted once for each 
rotation of the auger pipe as the forward progress of the bore 
continues without interruption until the condition of FIGS. 2A 
and 2B is again achieved. 
To summarize the structure and operation of the above 

described embodiment of the present invention, a photocell 
light-source combination comprises a feedback mechanism 
for sensing various degrees of auger pipe de?ection. The 
photocell 28 is positioned on a radius about the longitudinal 
axis of the auger pipe 10 and describes a circle as the auger is 
rotated. The light beam shines down the pipe and ?oods the 
path of the photocell when the auger is proceeding in a 
straight path. When the auger is de?ected or drifts from the 
desired straight path, the photocell circle and the beam spot 
are no longer concentric and the photocell travels outside the 
beam along an are which increases in length with increasing 
pipe de?ection. The photocell is clamped in a sliding bracket 
30 to permit radial adjustment. With the photocell near the 
walls of the auger pipe, and hence near the edge of the light 
beam, the guidance device is sensitive to very slight de?ec 
tions. With the photocell adjusted to be nearer the longitu 
dinal axis of the pipe, and well inside the light beam, the auger 
must be de?ected to a considerable degree in order to darken 
the photocell. 

Light from the source 26 is collimated and focused sharply 
to obtain a distinct boundary between light and dark as seen 
by the photocell. The output voltage from the photocell con 
trols a switching device which, in turn, applies voltage across 
the coils of a servovalve 38 in the proper polarity so as to ener 
gize or deenergize a redirection device which selectively 
reams the side of the bore hole. In typical embodiment 
described, the low level output of photocell 28 provides ener 
gy for switching a solid state operational ampli?er 34 which in 
turn applies a positive voltage across the servovalve coils when 
the photocell is lighted and a negative voltage across the coils 
when the photocell is dark; the valve operating power being 
supplied from a solid-state DC power supply 36. 
The redirection device controlled by the guidance system of 

the present invention has its design based on theoretical soil 
failure technology. The device includes a hydraulic cylinder 
19 within the auger head and a cutter blade 16, the cutter 
blade being extended and retracted by means of pressurizing a 
piston 18 within the auger head cylinder. Accordingly, when 
the auger is de?ected, the photocell passes out of the light 
beam for some arc. When the cell becomes dark, the ampli?er 
34 reverses the polarity across the coils of the electrohydraulic 
servovalve 38. This action slows the main spool within the ser 
vovalve to reverse the direction of hydraulic ?ow; this opera 
tion being accomplished in about 5 milliseconds in one ap 
paratus. Flow reversal causes the servovalve to dump high 
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pressure oil to the bottom of piston 18 ‘at a rate of, for exam 
ple, 12 gallons per minute while the oil on top of. the piston is 
returned to the reservoir. When the photocell passes back into 
the light, the servovalve again switches to drive the piston and 
cutter blade-back into the auger head. The length of the dark 
arc in the photocell path will, of 1 course, determine the 
distance the head is de?ected. The cutter blade in one em 
bodiment extends in r).04 seconds with a maximum force of 
7,000 lbs. and selectively reams a swarth of soil from the side 
of the bore hole thereby causing the ‘desired correctional 
de?ection of the auger pipe. - ' 

While a .preferred embodiment has . been shown ‘and 
described, various‘ modifications and‘ substitutions may be 
made thereto without departing from the spirit and scope of 
the present invention. Accordingly,"while the described em 
bodiment'has employed a selective cutter device under con 
trol of the present invention, it is to. be understood that any 
suitable redirection device could be substituted therefor. Ac 
cordingly, the present invention has been described by way of 
illustration and not limitation. 
We claim: ' . I 

1. An optical guidance system for a boring too], said tool 
being of the rotary type and including normally inoperative 
means for producing radial directional corrective action, said 
guidance system comprising: > I 

means positioned within the tool for generating a beam of 
radiant energy; ' V 

detector means responsive to the energy emanating from 
said beam generating means, said detectormeans being 
positioned within the tool and spacially displaced from 
said beam generating means, the relative positions of said 
generating and detector means being selected whereby 
undesired bending of said tool will result in periodicv 
variation in the impingement of energy on said detector 

. means; and _ g v _ y _ I. 

means connected to said detector means and responsive to 
the state of energy impingement thereon for generating 

- energizing signals for said directional correcting means. 
2. The apparatus of claim 1 whereinsaid beam'generating 

means comprises-means for producing a circular beam of 

3. The apparatus of claim 2 wherein said detector-means 
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6 
comprises a light sensitive element positioned off-axis with 
respect to said beam of light, said element rotating with said 
tool. 1 _, 

4. The apparatus of claim 3 wherein said means for generat 
ing energizing signals comprises means responsive to the state 
of illumination of said light sensitive element. 

5. The apparatus of claim 3 wherein said directional cor 
recting means is h'ydrau'lically operated and wherein said 
means for generating energizing signals comprises; 

valve means for controlling the flow of operating ?uid to 
said correcting means; and 

means responsive to the state of illumination of said light 
- sensitive element for generating valve means control 

signals whereby said correcting means is periodically 
rendered operative when said tool undergoes undesired 
bending. Y 

6. The apparatus of claim 3 wherein the beam of light 
emanating from said producing means is coaxial with the tool. . 

7. The apparatus of claim 6 wherein said detector means 
further comprises adjustable support means for said light sen 
sitive element, said support means being mounted internally of 
the tool and enabling said element to be selectively positioned 
radially of the tool. ’ 

8. The apparatus of claim 7 wherein said directional cor 
recting means is hydraulically operated and wherein said 
means for generating energizing signals comprises: 

valve means for controlling the flow of operating ?uid to 
said correcting means; and 

means responsive to the state of illumination of said light 
sensitive element for generating valve means control 
signals whereby_ said correcting means is periodicallg 
rendered operative when said tool undergoes undesire 
bending. 

9. The apparatus of claim 8 wherein said means for generat 
ing valve means control signals comprises: 

switch means responsive to output signals provided by said 
' light sensitive element; and 
power supply means, said power supply means being selec 

tively connected to said valve means by said switch 
means. ' 

10. The apparatus of claim 9 wherein said switch means 
comprises bistable circuit means. 
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